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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a method of 
recovering an electrolyte membrane from an unit cell in- 
cluded in a stack of fuel ceils, in which the unit cell in- 
cludes an electrolyte membrane and electrodes. The in- 
vention also pertains to an apparatus for the same. 

Description of the Related Art 

[0002] Fuel cells are known apparatus in which the 
chemical energy of a fuel is converted directly into elec- 
trical energy. Each fuel cell generally includes a pair of 
electrodes arranged across an electrolyte, wherein the 
surface of one electrode is exposed to a gaseous fuel, 
such as gaseous hydrogen, while the surface of the oth- 
er electrode being exposed to an oxidizing gas contain- 
ing oxygen. The electrical energy is generated between 
the electrodes through the electrochemical reactions 
proceeding by the exposure. The fuel cells receiving 
continuous supplies of gaseous fuel and oxygen-con- 
taining gas generate electrical energy at high efficiency 
[0003] In commercial applications of such fuel cells 
under the resource-saving and low-cost condition, it is 
essential to recycle and reuse at least part of these fuel 
ceils. Decomposition of fuel cells and recovery of reus- 
able parts are, however, rather difficult since the respec- 
tive parts in the fuel cells are easily stuck to one another. 
A stack of fuel cells is generally prepared by laminating 
a plurality of unit cells, each including an electrolyte 
membrane and a pair of electrodes, and clamping and 
fixing the unit cells under a predetennined clamping 
pressure. This manufacturing process accelerates the 
fixing of the constituents In the fuel cells. 
[0004] The technique proposed in JAPANESE PAT- 
ENT LAYING-OPEN GAZETTE No. 60-20472 gives 
easily decomposable fuel cells by interposing separable 
layers between an electrolyte and electrodes or be- 
tween electrodes and outer parts, such as separators. 
Easy decomposition of fuel cells allows precious metals 
like platinum and other expensive parts to be recovered 
efficiently. 

[0005] The prior art technique requires additional 
parts like separable layers and makes the structure of 
fuel cells undesirably complicated. The complicated 
structure consumes much time and labor for the decom- 
position of such fuel cells. Use of the additional parts for 
recycling other parts deviates from the original concept 
of resource-saving. 

[0006] The prior art technique described above aims 
at the recovery of precious metals, such as platinum, 
and does not involve the recovery of electrolyte mem- 
branes. Recovery of electrolyte membranes has highly 
been demanded, especially in polymer electrolyte fuel 
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cells, since the electrolyte membranes are more expen- 
sive than platinum and are not easily processed for dis- 
posal. Polymer electrolyte fuel cells are still in course of 
development and has not yet gone into mass production 

5 in a commercial scale. Only a few sets of such fuel cells 
are in service and these fuel cells have been operated 
only for a restricted time period. No problems have thus 
arisen in the disposal of electrolyte membranes. There 
have been no studies on the technique of recovering 

10 electrolyte membranes from polymer electrolyte fuel 
cells. 

[0007] In M.S. Wilson et. al., J. Elec. Soc. 140 (1993), 
No. 10, pp. 2872-2877, an electrode is sprayed with liq- 
uid, wherein only some upper surface portions of the 
IS membrane can be wetted, and is scraped off in form of 
small pieces so that, after scraping, the electrode does 
not exist anymore as a whole and the membrane is dam- 
aged due to scraping. 

[0008] In the electrolysis cell described in US 4 399 
20 009, the composite diaphragm separates the electrodes 
wherein one electrode is on one of the respective dia- 
phragm layers. If one layer or the electrode thereon 
should degrade or break down before the other, the one 
layer of membrane may be separated without damaging 
25 the other layer. This is enabled by p retreating or 
presweliingthe membranes so that the membranes can 
be separated without damage. 
[0009] US 5 133 843 discloses an inorganic acid to 
propel separation of an electrolyte membrane from an 
30 electrode. Moreover, inert polymeric material is used to 
bond an electrolyte membrane and an electrode togeth- 
er. The hardened inert polymeric material can be dis- 
solved by the inorganic acid. 

[0010] JP 60020472 discloses a structure for recov- 
35 ering noble metals from an electrode containing noble 
metal catalyst. For this, electrode parts containing noble 
metal catalyst are separated from other cell components 
by porous films on one side of the electrodes and by 
mold releasing agent layers on the other side of the elec- 
40 trodes. 

SUMMARY OF THE INVENTION 

[0011] The object of the present invention is to allow 
^5 an electrolyte membrane to be easily recovered from fu- 
el cells of relatively simple structure. 
[0012] The above and the other related objects are 
realized by a method of recovering an electrolyte mem- 
brane from an unit cell of fuel cells according to claim 1 . 
50 A method according to the background of the present 
Invention comprises the steps of: 

(a) providing the unit cell comprising the electrolyte 
membrane and an electrode which are joined with 

55 each other, 

(b) soaking the unit cell in a liquid having an ability 
of expanding the electrolyte membrane by a factor 
greater than a predetermined value; and 
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(c) separating the electrolyte membrane from the 
electrode of the unit cell after execution of the step 
(b). 

[0013] The method of the background of the invention 
soal<s an unit cell comprising an electrolyte membrane 
and an electrode in a predetemnined liquid at step (b). 
The predetemnined liquid has an ability of expanding the 
electrolyte membrane by a factor greater than a prede- 
termined value. The liquid expands and deforms the 
electrolyte membrane and weakens the adhesive force 
at the interface between the electrolyte membrane and 
the electrode of an unit cell, thereby making the electro- 
lyte membrane easily separable from the electrode. At 
subsequent step (c), the expanded electrolyte mem- 
brane is separated from the electrode of the unit cell. 
The method allows the electrolyte membrane to be eas- 
ily separated and recovered from the unit cell. 
[0014] According to one preferable structure, the 
method further comprises the steps of: 

(d) substituting the liquid included in the separated 
electrolyte membrane by water after execution of 
the step (c); and 

(e) washing the electrolyte membrane after execu- 
tion of the step (d). 

[0015] In this structure, the liquid included in the elec- 
trolyte membrane separated in the step (c) Is substituted 
by water at step (d), and the electrolyte membrane is 
then washed at step (e). This structure allows the liquid 
introduced into the electrolyte membrane in the step (b) 
to be efficiently removed from the electrolyte mem- 
brane. This method realizes the recovery of electrolyte 
membranes under the reusable condition. 
[0016] It is preferable that the step (c) further compris- 
es the step of: 

(c-1 ) executing one operation selected among the 
group consisting of: peeling the electrode off the 
electrolyte membrane; twisting the electrode rela- 
tive to the electrolyte membrane; shifting the elec- 
trode relative to the electrolyte membrane; and ro- 
tating the electrode with respect to the electrolyte 
membrane. 

[0017] This method easily separates the electrolyte 
membrane from the electrode without doing any dam- 
age to the electrolyte membrane only by peeling the 
electrode off the electrolyte membrane or othen/vise 
twisting, shifting, or rotating the electrode with respect 
to the electrolyte membrane. This preferable structure 
further ensures the easy recovery of electrolyte mem- 
brane. 

[0018] It is also preferable that the step (b) further 
comprises the step of: 

(b-1 ] applying a vibrating force to the liquid, in which 
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the unit cell is soaked. 

[001 9] Vibrating the liquid, in which unit cell is soaked, 
allows the space between the electrolyte membrane 

5 and the electrode of the unit cell to be filled with the liquid 
in a short time period. This shortens the time period re- 
quired for weakening the adhesive force of joining the 
electrolyte membrane with the electrode and realizes 
the easier recovery of electrolyte membranes. 

10 [0020] In accordance with one application, the meth- 
od further comprises the step of: 

(f) drying the unit celt prior to execution of the step 
(b). 

15 

[0021 ] This stnjcture dries an unit cell prior to the step 
(b), thus Increasing the degree of expansion of the elec- 
trolyte membrane soaked in the liquid at step (b). This 
enhances the action of weakening the adhesive force of 

20 joining the electrolyte membrane with the electrode at 
step (b) and ensures the easy separation of the electro- 
lyte membrane from the electrode at step (c). The water 
content included in the electrolyte membrane has been 
removed prior to the step (b). The previous removal of 

25 the water content makes the liquid free from contamina- 
tion with water Included In the electrolyte membrane at 
step (b), thus not lowering the concentration of the liquid 
used in the step (b). This reduces the frequency of re- 
placement of the liquid used in the step (b). 

30 [0022] In accordance with another application, the 
method further comprises the steps of: 

(g) Irradiating the electrolyte membrane with a light 
beam of a predetennined wavelength range after 

35 execution of the step (e); 

(h) measuring an intensity of the transmitted light 
through the electrolyte membrane; and 

(i) repeating the step (d) and (e) when the measured 
Intensity of light dose not meet a predetermined cri- 

40 terion. 

[0023] Different liquids show different absorption be- 
haviors for the light beam of a predetennined wave- 
length range, in^adiation of the electrolyte membrane 

45 with such a light beam shows which solution Is included 
In the electrolyte membrane. When the measured inten- 
sity of light dose not meet a predetennined criterion, the 
step (d) and (e) are repeated. This structure ensures the 
complete substitution and washing. 

50 [0024] The method may further comprises the step of: 

(j) filtering the liquid to recover platinum in the liquid 
after execution of the step (b). 

55 [0025] This method filters the liquid used in the step 
(b) to recover platinum. This method realizes recycle of 
platinum in combination with recycle of electrolyte mem- 
branes, which Is characteristic of the invention, thereby 
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further reducing the manufacturing cost of polymer elec- 
trolyte fuel cells. 

[0026] The background of the invention is also direct- 
ed to another method of recovering an electrolyte mem- 
brane from an unit cell of fuel cells. The method com- 
prises the steps of: 

(a) providing the unit cell comprising the electrolyte 
membrane and an electrode which are joined with 
each other while using a proton-conductive solu- 
tion, 

(b) soaking the unit cell in a liquid having an ability 
of dissolving a solid material of the proton-conduc- 
tive solution; and 

(c) separating the electrolyte membrane from the 
electrode of the each unit cell after execution of the 
step (b). 

[0027] The unit celt comprising the electrolyte mem- 
brane and the electrode joined with each other while us- 
ing a proton-conductive solution is soaked in a prede- 
termined liquid at step (b). The predetermined liquid has 
an ability of dissolving a solid material of the proton-con- 
ductive solution. The liquid accordingly weakens the ad- 
hesive force at the interface between the electrolyte 
membrane and the electrode of unit cell and makes the 
electrolyte membrane easily separable from the elec- 
trode. At subsequent step (c), the electrolyte membrane 
is separated from the electrode of the unit cell. This 
method allows electrolyte membrane to be easily sepa- 
rated and recovered from the unit cell. 
[0028] It is preferable that the liquid has an ability of 
expanding the electrolyte membrane by a factor greater 
than a predetermined value In addition to the ability of 
dissolving the solid material of the proton-conductive so- 
lution. 

[0029] The liquid works to expand and deform the 
electrolyte membrane simultaneously with dissolving 
the solid material caused by the proton-conductive so- 
lution. These abilities of the liquid further weakens the 
adhesive force at the Interface between the electrolyte 
membrane and the electrode of the unit ceil, thereby as- 
suring the easier separation of the electrolyte mem- 
brane from the electrode. This method allows the elec- 
trolyte membrane to be separated and recovered from 
the unit cell more easily. The liquid may be methanol. 
[0030] It is preferable that the method further compris- 
es the steps of: 

(d) substituting the liquid included in the separated 
electrolyte membrane by water after execution of 
the step (b); and 

(e) washing the electrolyte membrane after execu- 
tion of the step (d). 

[0031] According to another aspect, the method of re- 
covering electrolyte membranes from fuel cells compris- 
es the steps of: 
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(a) providing a stack of fuel cells comprising a plu- 
rality of unit cells under a predetemnined clamping 
pressure, each unit cell comprising an electrolyte 
membrane and an electrode which are joined with 

5 each other, the stack of fuel cells comprising a flow 
path having an inlet and outlet for supplying a reac- 
tant gas to the electrodes, the flow path acting as a 
gas seal with the aid of the clamping pressure; 

(b) reducing the clamping pressure while maintain- 
10 ing the gas seal; 

(c) closing the outlet of the flow path; 

(d) introducing a liquid having an ability of expand- 
ing the electrolyte membranes by a factor greater 
than a predetemilned value, into the stack of fuel 

15 cells via the inlet of the flow path; and 

(e) opening the outlet of the gas flow path. 

[0032] The liquid works to make the electrolyte mem- 
branes easily separable from the electrodes in the proc- 

20 ess of decomposing the stack of fuel cells. The clamping 
pressure is reduced while maintaining the gas seal prior 
to injection of the liquid into the stack of fuel cells. This 
weakens the adhesive force of joining the electrolyte 
membrane with the electrode and allows the liquid to 

25 accelerate the easy separation of the electrolyte mem- 
brane from the electrode, while preventing leakage of 
the liquid. This method implements the soaking process 
without decomposing the stack of fuel cells, thus pro- 
tecting the electrolyte membranes from damages and 

30 allowing the electrolyte membranes of preferable con- 
dition to be easily recovered. 

[0033] According to still another aspect, the method 
of recovering electrolyte membranes from fuel cells 
comprises the steps of: 

35 

(a) providing a stack of fuel cells comprising a plu- 
rality of unit cells under a predetermined clamping 
pressure, each unit cell comprising an electrolyte 
membrane and an electrode which are joined with 

40 each other while using a proton-conductive solu- 
tion, the stack of fuel cells comprising a flow path 
having an inlet and outlet for supplying a reactant 
gas to the electrodes, the flow path acting as a gas 
seal with the aid of the clamping pressure; 

45 (b) reducing the clamping pressure while maintain- 
ing the gas seal; 

(c) closing the outlet of the flow path; 

(d) introducing a liquid having abilities of dissolving 
a solid material caused by the proton-conductive 

50 solution and expanding the electrolyte membranes 
by a factor greater than a predetermined value. Into 
the stack of fuel cells via the inlet of the flow path; 
and 

(e) opening the outlet of the gas flow path. 

55 

[0034] Th Is method has the same effects as those de- 
scribed above. Since the liquid has the ability of dissolv- 
ing a solid material caused by the proton-conductive so- 
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lution in addition to the ability of expanding the electro- 
lyte membranes by a factor greater than a predeter- 
mined value, the electrolyte membranes are separable 
from the electrodes more easily. 

[0035] The above objects are also realized by an ap- s 
paratus for recovering an electrolyte membrane from an 
unit cell of fuel cells according to claim 10, the unit cell 
comprising the electrolyte membrane and an electrode 
which are joined with each other. The apparatus accord- 
ing to the background of the invention, comprises: io 

a soaking tank filled with a liquid having an ability 
of expanding the electrolyte membrane by a factor 
greater than a predetennined value, the unit cell be- 
ing soaked In the liquid In the soaking tank; and 
separating means for separating the electrolyte 
membrane from the electrode of the unit cell soaked 
in the soaking tank. 

[0036] The background of the invention Is also direct- 20 
ed to an apparatus for recovering an electrolyte mem- 
brane from an unit cell of fuel cells, the unit cell compris- 
ing the electrolyte membrane and an electrode which 
are joined with each other while using a proton-conduc- 
tive solution. The apparatus comprises: 25 

a soaking tank filled with a liquid having an ability 
of dissolving a solid material caused by the proton- 
conductive solution, the unit cell being soaked in the 
liquid in the soaking tank; and so 
separating means for separating the electrolyte 
membrane from the electrode of the unit cell soaked 
In the soaking tank. 

[0037] The background of the invention is further di- 3s 
rected to an apparatus for recovering an electrolyte 
membrane from an unit cell of fuel cells. The apparatus 
comprises liquid tank means filled with a liquid having 
predetermined properties, the unit cell comprising the 
electrolyte membrane and an electrode and being 40 
soaked in the liquid tank means, 

wherein the liquid tank means comprises a plural- 
ity of tanks connected in series via piping means, 

a supply source of the liquid being connected to a 
last tank among the plurality of tanks along a feeding <s 
path of the unit cell, and the liquid overflowing an arbi- 
trary tank among the plurality of tanks being introduced 
into a preceding tank along the feeding path of the unit 
cell. 

[0038] These and other objects, features, aspects, so 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the preferred embodiments with the accompanying 
drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0039] 

Fig. 1 shows a unit cell structure of polymer electro- 
lyte fuel cells 10, to which a method of recovering 
an electrolyte membrane from each fuel cell is ap- 
plied as a first embodiment according to the present 
invention; 

Fig. 2 Is a decomposed perspective view Illustrating 
the unit cell of the polymer electrolyte fuel cells 10; 
Fig. 3 schematically illustrates a structure of the pol- 
ymer electrolyte fuel cells 10 actually used; 
Fig. 4 Is a flowchart showing a process routine of 
recovering electrolyte membranes from the fuel 
cells 1 0 thus constructed; 
Fig. 5 schematically illustrates the varying state of 
each electrolyte membrane 11 In the recovering 
process; 

Fig. 6 schematically illustrates a peel-off operation 

in the separating process; 

Fig. 7 schematically illustrates a twisting operation 

applicable to the separating process; 

Fig. 8 schematically illustrates a shifting operation 

applicable to the separating process; 

Fig. 9 schematically illustrates a rotating operation 

applicable to the separating process; 

Fig. 10 is a front view schematically illustrating an 

apparatus applied to the separating process by the 

peei-off operation shown in Fig. 6; 

Fig. 11 is a plan view showing the apparatus of Fig. 

10; 

Fig. 12 schematically shows another apparatus ap- 
plied to the separating process by the twisting op- 
eration; 

Fig. 13 shows a soaking tank used for realizing the 
soaking process In a second embodiment accord- 
ing to the present invention; 
Fig. 14 shows a structure of realizing the soaking 
process in a third embodiment according to the 
present invention; 

Fig. 15 shows a structure of realizing the substitut- 
ing process in a fourth embodiment according to the 
present invention; 

Fig. 1 6 is a flowchart showing a process routine of 
recovering electrolyte membranes from fuel cells in 
a fifth embodiment according to the present inven- 
tion; 

Fig. 17 is a flowchart showing a process routine of 
recovering electrolyte membranes from fuel cells in 
a sixth embodiment according to the present inven- 
tion; 

Fig. 1 8 schematically illustrates an apparatus for re- 
alizing the confimriing process of the process rou- 
tine in the sixth embodiment; 
Fig. 19 is a flowchart showing a routine executed 
by a control unit of the apparatus shown in Fig. 18; 
Fig. 20 Is a flowchart showing a process routine of 
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recovering electrolyte membranes from fuel cells in 
a seventh embodiment according to the present in- 
vention; 

Fig. 21 schematically illustrates an apparatus for re- 
alizing the platinum-recovering process of the proc- 
ess routine in the seventh embodiment; and 
Fig. 22 is a flowchart showing a process routine of 
recovering electrolyte membranes from fuel cells in 
an eighth embodiment according to the present in- 
vention; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] The following description regards an unit cell 
structure of a stack of polymer electrolyte fuel cells 10, 
to which a method of recovering an electrolyte mem- 
brane from each fuel cell is applied as a first embodi- 
ment according to the present invention. For the clarity 
of explanation, it is assumed that the stack of polymer 
electrolyte fuel cells 1 0 consists of only one unit cell , and 
numeral '10' denotes the polymer electrolyte fuel cell in 
the description below. Fig. 1 shows a unit cell structure 
of the polymer electrolyte fuel cell 10, and Fig. 2 Is a 
decomposed perspective view illustrating the polymer 
electrolyte fuel cell 10. As clearly seen In these draw- 
ings, the polymer electrolyte fuel cell (hereinafter re- 
ferred to simply as fuel cell) 10 includes an electrolyte 
membrane 11 , a cathode 12 and an anode 13 arranged 
across the electrolyte membrane 11 to form a sandwich 
structure and wori< as gas diffusion electrodes, first and 
second separators 1 4 and 1 5 disposed across the sand- 
wich structure (hereinafter may be referred to as the joint 
structure) and combined with the cathode 12 and the 
anode 13 to constitute flow paths of oxidizing gas and 
gaseous fuel, and first and second current collectors 1 6 
and 1 7 disposed respectively outside the first and the 
second separators 14 and 15 to work as current-collect- 
ing electrodes of the cathode 12 and the anode 13. 
[0041] The electrolyte membrane 1 1 1s constructed as 
an ion-exchange membrane composed of a polymer 
material, such as fluororesin, and shows a favorable 
electrical conductivity under the wet conditions. The 
cathode 12 and the anode 13 are made of carbon cloth 
woven of carbon fibers, wherein carbon powder with 
platinum catalyst or platinum-containing alloy catalyst 
supported thereon is applied to the surface of the carison 
cloth. 

[0042] The cathode 12 and the anode 13 are joined 
with the electrolyte membrane 11 in the following man- 
ner. Carbon powder with platinum catalyst or platinum- 
containing alloy catalyst supported thereon Is applied to 
the surface of the carbon cloth, which Is used as base 
material of the cathode 12. The electrolyte membrane 
11 and the surface of the carbon cloth are joined with 
each other via a proton-conductive polymer electrolyte 
solution, for example, one sold under the trade name of 
Nafion Solution by Aidrich Chemical Corp., the USA. 



The proton -conductive polymer electrolyte solution 
works as an adhesive in its curing process to bond the 
cathode 12 to the surface of the electrolyte membrane 

11 . The anode 1 3 is joined with the surface of the elec* 
5 trotyte membrane 1 1 in the same manner as above. The 

cured proton -conductive polymer electrolyte allows wa- 
ter as well as hydrogen and oxygen to pass there- 
through. The surface of the electrolyte membrane 11 
covered with the cured proton-on-conductive polymer 
10 electrolyte accordingly does not cause any troubles or 
problems. 

[0043] Carbon powder with platinum catalyst support- 
ed thereon is prepared according to the following proc- 
ess. An aqueous solution of chloroplatlnic acid is mixed 

'5 with sodium thiosulfate to yield an aqueous solution of 
platinum sulfite complex. Hydrogen peroxide is added 
dropwtse to the aqueous solution of platinum sulfite with 
stirring, so that platinum colloidal particles are deposited 
in the aqueous solution. Carbon black working as a sup- 

20 port is then added to the aqueous solution with stining, 
so that the platinum colloidal particles adhere to the sur- 
face of cariDon black. Available examples of carbon 
black include Vulcan XC-72 (trade name by CABOT 
Corp., the USA) and Denka Black (trade name by DEN- 

25 Kl KAGAKU KOGYO K.K, Japan). The carbon black 
with platinum particles adhering thereto Is separated by 
filtration under reduced pressure or by pressure filtration 
of the aqueous solution, washed repeatedly with deion- 
Ized water or pure water, and completely dried at room 

30 temperature. The dried carbon black aggregate is 
ground with a grinder, and heated in a reducing hydro- 
gen atmosphere at 250''C through 350**C for approxi- 
mately 2 hours in orderto reduce platinum on the carbon 
black and completely remove the remaining chlorine. 

35 [0044] The first and the second separators 1 4 and 1 5 
are made of dense carbon plates. The first separator 1 4 
close to the cathode 12 Is combined with the surface of 
the cathode 12 to fomn oxygen-containing gas flow 
paths 1 4P for allowing passage of an oxygen-containing 

40 oxidizing gas as well as water produced on the cathode 

12. The second separator 15 close to the anode 13 is 
combined with the surface of the anode 13 to form gas- 
eous fuel flow paths 15P for allowing passage of a mix- 
ture of gaseous hydrogen or gaseous fuel and water va- 

45 por. 

[0045] The first and the second current collectors are 
composed of copper (Cu). 

[0046] This Is the fundamental structure of each cell 
unit in the polymer electrolyte fuel cells 1 0. Fig. 3 sche- 
me matically illustrates a structure of the polymer electrolyte 
fuel cells 10 actually used. In the drawing of Fig. 3, the 
same constituents as those in Figs. 1 and 2 are given 
by the like numerals. 

[0047] As shown in Fig. 3, the polymer electrolyte fuel 
55 cells 1 0 include a plurality of cell units 20, which are lam- 
inated and superposed one upon another via separators 
21 . Each cell unit 20 includes an electrolyte membrane 
11,acathode12, and an anode 13 shown in Figs. 1 and 



11 



EP 0 717 458 B1 



12 



2. The separators 21 are composed of the same mate- 
rial as the first separator 1 4 and the second separator 
15 of the unit fuel celt shown in Figs. 1 and 2. Each sep- 
arator 20 is combined with the surface of the anode 13 
of one adjacent cell unit 20 to constitute the oxygen-con- 
taining gas flow paths 14P, while being combined with 
the surface of the cathode 12 of the other adjacent cell 
unit 20 to constitute the gaseous fuel flow paths 15P. A 
first separator 14 is disposed immediately outside a 
right-most cell unit 20R in the drawing to constitute only 
the oxygen-containing gas flow paths 14R A second 
separator 15 is, on the other hand, disposed immediate- 
ly outside a left-most joint unit 20L in the drawing to con- 
stitute only the gaseous fuel flow paths 15P. 
[0046] The polymer electrolyte fuel cells 1 0 further in- 
clude: a pair of coolant flow paths 22 and 23 respectively 
arranged outside the first and the second separators 14 
and 15; a pair of current collectors 16 and 17 respec- 
tively disposed outside the coolant flow paths 22 and 
23; a pair of end plates 26 and 27 arranged via insulating 
plates 24 and 25 as outer-most layers to support all the 
above structural elements; and a pair of clamping bolts 
28 for clamping and locking the end plates 26 and 27. 
[0049] A method of recovering the electrolyte mem- 
branes 1 1 from the polymer electrolyte fuel cells 1 0 thus 
constructed Is described in detail. This method involves 
the process of recovering the electrolyte membrane 11 
from each unit cell 20, which consists of the electrolyte 
membrane 11 , the cathode 12, and the anode 13 and is 
prepared by unlocking the clamping bolts 28 and remov- 
ing the separators 14,15, and 21 , the coolant flow paths 
22 and 23, the current collectors 16 and 17, the insulat- 
ing plates 24 and 25, and the end plates 26 and 27. 
[0050] Fig. 4 is a flowchart showing a process routine 
of recovering electrolyte membranes, and Fig. 5 sche- 
matically illustrates the varying state of the electrolyte 
membrane 11 in the recovering process. When the pro- 
gram enters the routine in the flowchart of Fig. 4, a soak- 
ing process is carried out at step SI ; each cell unit 20 
of the polymer electrolyte fuel cells 1 0 is soaked in a 
methanol solution. According to a concrete procedure, 
each cell unit 20 is soaked in a soaking tank 51 filled 
with methanol for 1 to 10 minutes as shown in Fig. 5(A). 
This makes the cell unit 20 sufficiently impregnated with 
methanol and allows water molecules in the electrolyte 
membrane 11 to be completely substituted by methanol 
molecules. 

[0051] The substitution of methanol for water in the 
electrolyte membrane 1 1 expands and deforms the elec- 
trolyte membrane 11 and finally dissolves the cured pro- 
ton-conductive polymer electrolyte working as an adhe- 
sive for joining the electrolyte membrane 11 with the 
cathode 12 and the anode 13. This weakens the adhe- 
sive force at the interface between the electrolyte mem- 
brane 1 1 and the cathode 1 2 and the same at the inter- 
face between the electrolyte membrane 11 and the an- 
ode 13 in each unit cell 20. The weakened adhesive 
force makes the electrolyte membrane 1 1 easily sepa- 



rable from the cathode 1 2 and the anode 1 3. In the soak- 
ing process, it is preferred that methanol in the soaking 
tank 51 is stirred with a stirrer 52. Stirring in the soaking 
tank 51 completes the soaking process in a shorter time 
5 period. 

[0052] The program then proceeds to step S2 at 
which a separating process is carried out; the cathode 
1 2 and the anode 1 3 in each cell unit 20 under the easily 
separable condition are separated from the electrolyte 

10 membrane 1 1 . According to a concrete procedure, the 
unit cell 20 is transferred from the soaking tank 51 to a 
subsequent separation tank 53, which is also filled with 
methanol, as shown in Fig. 5(B). The cathode 12 and 
the anode 1 3 are separated from the electrolyte mem- 

15 brane 11 in the separation tank 53 by the method de- 
scribed below in this embodiment. 
[0053] Fig. 6 schematically illustrates a peel-off oper- 
ation in the separating process. The cathode 1 2 of each 
unit cell 20 shown in Fig. 6(a) is peeled off one side of 

20 the electrolyte membrane 11 as shown in Fig. 6(b). The 
anode 13 is then peeled off the other side of the elec- 
trolyte membrane 11 as shown in Fig. 6(c). This makes 
the electrolyte membrane 11 separated from both the 
cathode 12 and the anode 13 as shown in Fig 6(d). Al- 

25 though the cathode 12 and the anode 13 are peeled off 
the electrolyte membrane 1 1 in this order in the first em- 
bodiment, the anode 13 may be peeled off prior to the 
cathode 12. 

[0054] The operation of peeling the cathode 1 2 and 
30 the anode 1 3 off the electrolyte membrane 1 1 does not 
require a large force In this separating process at step 
S2. Since the soaking process of step SI makes the 
electrolyte membrane 11 easily separable from the cath- 
ode 1 2 and the anode 1 3, the cathode 1 2 and the anode 
35 13 are easily peeled off the electrolyte membrane 11 
with a spatula or the like. 

[0055] Referring back to the flowchart of Fig. 4, after 
the separating process of step S2, the program pro- 
ceeds to step S3 at which a substituting process is car- 

40 ried out; methanol included in the electrolyte membrane 
11 separated in the separating process is substituted by 
water. According to a concrete procedure, the separated 
electrolyte membrane 11 is transferred from the sepa- 
ration tank 53 to a subsequent substitution tank 55, 

45 which is filled with deionized water, and soaked in the 
substitution tank 55 for 1 to 1 0 minutes as shown in Fig. 
5(C). This makes the electrolyte membrane 11 suffi- 
ciently impregnated with deionized water and allows 
methanol In the electrolyte membrane 11 to be com- 

50 pietely substituted by water. In the substituting process, 
it is preferred that deionized water in the substitution 
tank 55 is stinred with a stirrer 56. Stining in the substi- 
tution tank 55 completes the substitution of water for 
methanol in the electrolyte membrane 11 in a shorter 

55 time period. 

[0056] Referring back again to the flowchart of Fig. 4, 
after the substituting process of step S3, the program 
proceeds to step S4 at which a washing process is car- 
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ried out; the electrolyte membrane 11 with substituted 
water is washed with aqueous hydrogen peroxide. Ac- 
cording to a concrete procedure, the electrolyte mem* 
brane 11 is transferred from the substitution tank 55 to 
a subsequent wash tanl< 57, which is filled with aqueous 
hydrogen peroxide, and washed with boiled aqueous 
hydrogen peroxide in the wash tank 57 as shown in Fig. 
5(D). After the washing process with boiled aqueous hy- 
drogen peroxide, the electrolyte membrane 1 1 is repeat- 
edly washed with deionized water (not shown). The 
completely washed electrolyte membrane 1 1 is stored 
in a vessel filled with an atmosphere of saturated water 
vapor at room temperature. This is the whole process 
of recovering the electrolyte membranes 1 1 from the 
stack of polymer electrolyte fuel cells 1 0. In the washing 
process, it is preferred that aqueous hydrogen peroxide 
in the wash tank 57 is stirred with a stirrer 58. Stirring In 
the wash tank 57 completes the wash of the electrolyte 
membrane 11 with boiled aqueous hydrogen peroxide 
in a shorter time period. 

[0057] The electrolyte membranes 1 1 actually recov- 
ered by the method of the first embodiment were tested 
and evaluated for deterioration. The results of evalua- 
tion are given below. 

[0058] The surface of each recovered electrolyte 
membrane 11 was observed with a microscope of 10 x 
to 100 x magnification. No defects or pinholes due to 
any of the soaking, separating, substituting, and wash- 
ing processes were observed on either the front surface 
or the rear surface of the electrolyte membranes 11 . This 
means that the series of processes including the soak- 
ing, separating, substituting, and washing processes did 
not have any physical effects on the electrolyte mem- 
branes 11 and that the electrolyte membranes 11 recov- 
ered were in good conditions. 
[0059] Each recovered electrolyte membrane 1 1 was 
then joined with unused cathode 12 and anode 13 to 
form a unit cell 20. The preparation of a unit cell 20 with 
the recovered electrolyte membrane 1 1 was carried out 
under the same conditions as those in preparation with 
a new electrolyte membrane 1 1 . In the unit cell 20 thus 
prepared, the recovered electrolyte membrane 11 was 
joined with the cathode 12 and the anode 13 by a suffi- 
cient strength. The resistance of the unit cell 20 with the 
recovered electrolyte membrane 11 was comparable to 
that of the unit cell 20 with the new electrolyte membrane 
11. The joining process for the unit cell 20 with the re- 
covered electrolyte membrane 1 1 was Identical with that 
for the unit cell 20 with the new electrolyte membrane 1 1 . 
[0060] The unit cells 20 prepared with the recovered 
electrolyte membranes 1 1 were assembled to constitute 
an actual stack of fuel cells. The physical properties of 
such fuel cells were measured, while gaseous hydrogen 
and an oxygen containing gas were respectively fed to 
the anodes and the cathodes in the fuel cells. The phys- 
ical properties of the fuel cells with the recovered elec- 
trolyte membranes 1 1 were comparable to those of fuel 
cells with new electrolyte membranes 1 1 . 
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[0081] The results of the measurements and evalua- 
tion prove that electrolyte membranes can be recovered 
from unit cells of polymer electrolyte fuel cells, wherein 
each unit cell consists of an electrolyte membrane, an 

5 anode and a cathode and that the recovered electrolyte 
membranes can be used to prepare other unit cells. This 
means that electrolyte membranes can be recycled. 
[0062] As described previously, the method of recov- 
ering electrolyte membranes from fuel cells according 

10 to the first embodiment expands and defonns each elec- 
trolyte membrane 11 in the soaking process of step SI . 
The soaking process dissolves the cured proton-con- 
ductive polymer electrolyte working as an adhesive for 
joining the electrolyte membrane 1 1 with the cathode 1 2 

IS and the anode 13. This weakens the adhesive force at 
the interface between the electrolyte membrane 1 1 and 
the cathode 1 2 and the same at the interface between 
the electrolyte membrane 11 and the anode 13 in each 
unit cell 20. The weakened adhesive force makes the 

20 electrolyte membrane 11 easily separable from the cath- 
ode 12 and the anode 13. The method of the first em- 
bodiment allows the electrolyte membranes 11 to be 
easily recovered from the polymer electrolyte fuel cells 
10 without any specific means attached to the polymer 

25 electrolyte fuel cells 1 0. 

[0063] In this embodiment, the soaking tank 51, in 
which the unit cells 20 are soaked in the soaking proc- 
ess, is filled with methanol. The liquid used in the soak- 
ing process Is required to have sufficient abilities of ex- 

30 panding the electrolyte membranes 1 1 (expanding at an 
expansion coefficient of not less than 20[%]) and dis- 
solving the cured proton -conductive polymer electro- 
lyte. Available examples with such abilities are not re- 
stricted to methanol but include other alcohols, such as 

3S ethanol and isopropyl alcohol, and ketones, such as ac- 
etone. Only a restricted range of liquids are, however, 
used in actual procedures by considering economical 
and discharge advantages and recycling possibility. 
[0064] In this embodiment, water in the substituting 

40 process is contaminated with the liquid previously used 
in the soaking process. Some liquids used in the soaking 
process prevent the direct discharge of water contami- 
nated with the liquids In the substituting process. A mix- 
ture of methanol in the soaking process and water in the 

45 substituting process may be used as a supply of raw 
material fed to a methanol refonner, which is a source 
of feeding a gaseous fuel to the polymer electrolyte fuel 
cells 1 0. Based on these data, methanol is an especially 
preferable selection in the soaking process, although 

50 other alcohols, such as ethanol and isopropyl alcohol, 
and ketones, such as acetone, may be used instead. 
[0065] Solutions having distinct ability of expanding 
the electrolyte membranes 1 1 but no ability of dissolving 
the cured proton-conductive polymer electrolyte may al- 

55 so be used in the soaking process. Such solutions are 
required to have the expansion coefficient of not less 
than 20[%] or preferably not less than 30[%]. Solutions 
with the greater expansion coefficient can sufficiently 
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expand and deform each electrolyte mennbrane 11 to 
weaken the adhesive forces of Joining the electrolyte 
nnembrane 11 with the cathode 12 and the anode 13. 
Solutions having the ability of dissolving the cured pro- 
ton-conductive polymer electrolyte but no ability of ex- s 
pandlng the electrolyte membranes 1 1 may alternatively 
be used in the soaking process. 
[0066] A mixed solution of methanol and water may 
also be applicable to the soaking process. Although the 
mixture of methanol and water Is expected to reduce the io 
material cost in the soaking process and enhance the 
substitution of methanol by water in the substituting 
process, water has no ability of dissolving the cured pro- 
ton-conductive polymer electrolyte and significantly 
weaker ability of expanding the electrolyte membrane is 
1 1 . Water included in the mixed solution may according- 
ly prevent the adhesive forces of joining the electrolyte 
membrane 11 with the cathode 12 and the anode 13 
from being sufficiently weakened in the soaking proc- 
ess, thereby making it difficult to separate the electrolyte 20 
membrane 11 from the cathode 12 and the anode 13. 
The recovering process was tested with the varying ratio 
of methanol to water. The greater ratio of water increas- 
es the time required in the separating process. The re- 
sults of testing show that the preferable ratio of methanol 25 
to water is not less than 3 to 10. 
[0067] In the separating process of step S2 in the first 
embodiment, the cathode 12 and the anode 13 (elec- 
trodes) are separated from the electrolyte 11 by the 
peel-off operation. These electrodes may, however, be so 
separated from the electrolyte 11 by a twisting, shifting, 
or rotating operation as described below. 
[0068] Fig. 7 schematically illustrates a twisting oper- 
ation applicable to the separating process. Each cell unit 
20 Is arranged horizontally with the cathode 12 facing 35 
down as shown in Fig. 7(a), since the cathode 12 Is re- 
moved first from the electrolyte membrane 11 In this ex- 
ample. The four corners of the electrolyte membrane 1 1 
are successively turned up as shown in Figs. 7(b) and 
7(c). While the electrolyte membrane 11 Is twisted, the <o 
cathode 12 is removed from the unit cell 20 as shown 
in Fig. 7(d). The remaining unit cell including only the 
electrolyte membrane 11 and the anode 13 is then 
turned up to face the anode 13 down as shown in Fig. 
7(e). The four comers of the electrolyte membrane 1 1 45 
are again turned up as shown in Figs. 7(f) and 7(g). 
While the electrolyte membrane 11 is twisted, the anode 
13 is removed from the electrolyte membrane 11 as 
shown in Fig. 7(h). In the step of Fig. 7(d) or 7(h), the 
cathode 1 2 or the anode 1 3 disposed on the lower side so 
is easily separated from the electrolyte membrane 1 1 by 
its own weight only by twisting the electrolyte membrane 

1 1 . This process divides each unit cell 20 into the three 
constituents; the electrolyte membrane 11 , the cathode 

12, and the anode 13. ss 
[0069] Although the cathode 1 2 and the anode 1 3 are 
removed from the electrolyte membrane 11 in this order 

In the above example, the anode 13 may be removed 



prior to the cathode 12, 

[0070] Fig. 8 schematically illustrates a shifting oper- 
ation applksable to the separating process. After the 
soaking process, the electrodes of each unit cell 20 
shown In Fig. 8(a), that is, the cathode 12 and the anode 
13, are independently clamped. While the cathode 12 
and the anode 1 3 are securely clamped, the cathode 12 
and the anode 13 are slowly shifted in the opposite di- 
rections (left and right) as shown In Figs. 8(b) and 8(c). 
This process also divides each unit cell 20 into the three 
constituents; the electrolyte membrane 11 , the cathode 

12, and the anode 13. 

[0071 ] Fig. 9 schematically illustrates a rotating oper- 
ation applicable to the separating process. After the 
soaking process, the electrodes of each unit cell 20 
shown in Fig. 9(a), that is, the cathode 1 2 and the anode 

13, are independently clamped. While the cathode 12 
and the anode 1 3 are securely clamped, the cathode 1 2 
and the anode 13 are slowly rotated in the opposite di- 
rections (counterclockwise and clockwise) as shown in 
Figs. 9(b) and 9(c). This process also divides each unit 
cell 20 into the three constituents; the electrolyte mem- 
brane 11 , the cathode 12, and the anode 13. 

[0072] The peel-off operation, the twisting operation, 
the shifting operation, or the rotating operation is applied 
to the separating process as described above. Since 
flexible carbon cloth is used as base material of the cath- 
ode 12 and the anode 13 in the first embodiment, any 
of the peel-off operation, the twisting operation, the shift- 
ing operation, and the rotating operation is applicable to 
the separating process. The flexibility of carison cloth 
protects the cathode 12 and the anode 13 from being 
cracked in the peel-off or twisting operation. When a rig- 
id substance like carbon paper is used as base material 
of the cathode 1 2 and the anode 1 3, on the other hand, 
the peel-off operation or the twisting operation is not 
suitable, but either the shifting operation or the rotating 
operation is preferably applied to the separating proc- 
ess. The rigidity of carbon paper may lead to cracks of 
the cartDon paper in the peel-off or twisting operation. 
[0073] Fig. 1 0 is a front view schematically illustrating 
an apparatus applied to the separating process by the 
peel-off operation shown in Fig. 6, and Fig. 11 is a plan 
view showing the apparatus of Fig. 1 0. The apparatus 
includes three sets of feed rollers 71 , 72, and 73 to feed 
each unit cell 20 in a predetermined direction (x direction 
in the drawing) , a squeegee 75 disposed along the feed- 
ing path of the unit cell 20 for peeling one electrode (for 
example, the anode 13) off the unit cell 20 fed via the 
feed rollers 71 and 72, and a set of feed-off rollers 77 
for feeding the peeled electrode in a predetermined di- 
rection, which is different from the feeding direction of 
the unit cell 20. The three sets of feed rollers 71 , 72, and 
73 clamp and support the electrolyte membrane 11 of 
the unit cell 20. Since the anode 13 bonded to the elec- 
trolyte membrane 11 is smaller in size than the electro- 
lyte membrane 1 1 as shown in Fig. 1 1 , these feed rollers 
71 through 73 do not clamp the anode 13. 
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[0074] The unit cell 20 fed via the feed rollers 71 . 72, 
and 73 comes into contact with the squeegee 75. The 
unit cell 20. which is sufficiently expanded and defonned 
In the preceding soaking process, is in contact with the 
squeegee 75 at the interface between the electrolyte 
membrane 1 1 and the anode 1 3. The squeegee 75 thus 
peels the anode 13 off the electrolyte membrane 11 as 
the unit cell 20 is fed along the predetemnined path. This 
allows the electrolyte membrane 11 to be easily sepa* 
rated from the unit cell 20. 

[0075] Fig. 12 schematically shows another appara- 
tus applied to the separating process by the twisting op- 
eration. The apparatus includes three sets of feed rollers 
81, 82, and 83, which change the feeding direction of 
each unit cell 20 from the oblique downward to the ob- 
lique upward. This structure allows only the electrolyte 
membrane 11 in the unit cell 20 to change the course 
from the oblique downward to the oblique upward, 
whereas the anode 13 is peeled down. This apparatus 
easily separates the electrolyte membrane 11 from the 
unit cell 20 only by changing the feeding direction of the 
unit cell 20. 

[0076] Another modification of the first embodiment is 
explained briefly. Although the electrolyte membrane 1 1 
is bonded to the cathode 12 and the anode 13 via the 

proton-conductive polymer electrolyte solution in the 
first embodiment, one of the three methods (1) through 
(3) given below may be applied to the bonding process: 

(1) Carbon powder with platinum catalyst or plati- 
num-containing alloy catalyst supported thereon is 
applied onto the surface of carbon cloth used as 
base material of electrodes. The electrolyte mem- 
brane and the electrode bases are then integrated 
by hot pressing. 

(2) Carbon powder with platinum catalyst or plati- 
num-containing alloy catalyst supported thereon is 
dispersed in an appropriate organic solvent to yield 
paste. The paste is applied on the surface of the 
electrolyte membrane by a known technique, like 
screen printing. The electrolyte membrane and 
electrode bases are subsequently integrated by hot 
pressing. 

(3) Platinum is supported on the surface of the elec- 
trolyte membrane by sputtering, vapor deposition, 
CVD, PVD, oranothermethodofthin film formation. 
The electrolyte membrane and electrode bases are 
subsequently integrated by hot pressing. 

[0077] When electrolyte membranes are recovered 
from the unit cells prepared according to the above 
method (1 ), it is preferable that a solution having distinct 
ability of dissolving the cured proton-conductive poly- 
mer electrolyte is used in the soaking process. When 
electrolyte membranes are recovered from the unit celts 
prepared according to either the method (2) or (3), on 
the other hand, it is preferable that a solution having dis- 
tinct ability of expanding the electrolyte membranes 11 
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is used in the soaking process, in either case, methanol 
is preferably used to satisfy both the required abilities. 
[0078] Another method of recovering electrolyte 
membranes from unit cells is described as a second em- 

5 bodiment according to the present invention. The meth- 
od of the second embodiment is similar to that of the first 
embodiment, except the soaking process. In the soak- 
ing process of the second embodiment, each unit cell 
20 is soaked in a soaking tank 51 with a vibrator 90 as 

10 well as the stirrer 52 as shown in Fig. 13. The vibrator 
90 is an ultrasonic vibrator used for vibrating methanol 
in the soaking tank 51. 

[0079] In the first embodiment, each unit cell 20 is 
soaked in methanol having abilities of expanding and 

IS defomning the electrolyte membrane 11 of the unit cell 
20 and dissolving the cured proton-conductive polymer 
electrolyte used as an adhesive of the unit cell 20. This 
soaking process effectively weakens the adhesive forc- 
es of joining the electrolyte membrane 1 1 with the cath- 

20 ode 12 and the anode 13. In order to exert this effect 
efficiently, it is required to lead methanol quickly Into the 
spaces between the electrolyte membrane 11 and the 
cathode 12 and between the electrolyte membrane 11 
and the anode 13. 

25 [0080] In the structure of the second embodiment, the 
vibrator 90 vibrates methanol, in which the unit cell 20 
is soaked, thereby allowing the spaces between the 
electrolyte membrane 11 and the electrodes 12 and 13 
of the unit cell 20 to be filled with methanol in a short 

30 time period. This shortens the time period required for 
weakening the adhesive forces of joining the electrolyte 
membrane 1 1 with the cathode 1 2 and the anode 1 3 and 
realizes the easier separation of the electrolyte mem- 
brane 11 in the subsequent separating process. 

35 [0081] The soaking time required for separating the 
electrolyte membrane 11 in the second embodiment 
was compared with the same in the first embodiment. 
The results of comparison show that ultrasonic vibration 
shortens the required soaking time to almost the half 

40 and that the greater area of the electrodes of the unit 
cell 20 enhances the effect of shortening the required 
soaking time by ultrasonic vibration. 
[0082] Ultrasonic vibration naturally accelerates the 
vaporization of methanol. In the structure of the second 

45 embodiment, it is thus preferred that the open-top of the 
soaking tank 51 is covered with a lid to interfere with 
disperse of methanol vapor or that a cooling tube is ar- 
ranged above the soaking tank 51 to make methanol 
vapor condensed and retumed into the soaking tank 51 . 

50 High-output ultrasonic vibration is required in general, 
when only a little quantity of methanol is used for 
processing a mass of celt units 20. 
[0083] Although the vibrator 90 is placed In the soak- 
ing tank 51 in the second embodiment, the vibrator 90 

55 rnay alternatively be disposed in the separation tank 53. 
Like the soaking tank 51 , the separation tank 53 is filled 
with methanol. The vibrator 90 placed in the separation 
tank 53 vibrates methanol in the separation tank 53 and 
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thereby allows the spaces between the electrolyte mem- 
brane 11 and the electrodes 12 and 13 to be filled with 
methanol in a short time period. This also shortens the 
time period required for weakening the adhesive forces 
of joining the electrolyte membrane 1 1 with the cathode 5 
1 2 and the anode 1 3 and realizes the easier separation 
of the electrolyte membrane 11 in the subsequent sep- 
arating process. 

[0084] In the second embodiment, the vibrator 90 
works to vibrate methanol, in which the unit cell 20 is 
soaked. An alternative structure may directly vibrate the 
unit cell 20. 

[0085] Still another method of recovering electrolyte 
membranes from unit cells is described as a third em- 
bodiment according to the present invention. The meth- 
od of the third embodiment is similar to that of the first 
embodiment, except that a plurality of soaking tanks are 
used in the soaking process. 

[0086] Fig. 1 4 shows a structure of realizing the soak- 
ing process in the third embodiment. A first soaking tank 

1 01 and a second soaking tank 1 02 used in the soaking 
process are connected with each other via a connection 
pipe 103. The second soaking tank 102 is further con- 
nected to a methanol supply source via a pipe 1 04, while 
the first soaking tank 1 01 is connected to a methanol 
tank via a pipe 1 05. A supply of methanol from the meth- 
anol supply source is first fed to the second soaking tank 

102 via the pipe 104. Methanol overflowing the second 
soaking tank 1 02 is then fed to the first soaking tank 1 01 
via the connection pipe 103. ly^ethanol overflowing the 
first soaking tank 101 Is finally led to the methanol tank 
via the pipe 105. 

[0087] The unit cell 20 consisting of the electrolyte 
membrane 11, the cathode 12, and the anode 13 is 
soaked first In the first soaking tank 101 and then in the 
second soaking tank 1 02 and subsequently conveyed 
to a separation tank (not shown). 
[0088] In the third embodiment thus constructed, wa- 
ter included in the electrolyte membrane 11 of the unit 
cell 20 is substituted by methanol in the first soaking tank 
101 . The substitution of water by methanol lowers the 
concentration of methanol in the first soaking tank 101 . 
Since most water included in the electrolyte membrane 
11 has been substituted by methanol in the first soaking 
tank 101 , the unit cell 20 soaked in the second soaking 
tank 102 hardly causes contamination with water in the 
second soaking tank 102. As long as an adequate sup- 
ply of methanol is fed to the second soaking tank 102, 
the structure of the third embodiment keeps the concen- 
tration of methanol in the second soaking tank 1 02 sub- 
stantially constant, in^espective of the processed quan- 
tity of unit cells 20. 

[0089] In the first embodiment with only one soaking 
tank 51 in the soaking process, the greater quantity of 
unit ceils 20 undesirably lowers the concentration of 
methanol in the soaking tank 51 . The higher concentra- 
tion of methanol is preferable for easy separation of the 
electrolyte membrane 11 in the separating process. In 
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the structure of the first embodiment, replacement of 
methanol in the soaking tank 51 is thus required when- 
ever a predetermined quantity of unit cells 20 have been 
processed. In the structure of the third embodiment, on 
the other hand, the concentration of methanol in the sec- 
ond soaking tank 102 is kept substantially constant, ir- 
respective of the processed quantity of unit cells 20. This 
structure does not require the time- and labor-consum- 
ing replacement of methanol in the soaking tank and 
saves the time and labor for maintenance. The structure 
of the third embodimentfurtherensures easy separation 
of the electrolyte membrane 1 1 in the subsequent sep- 
arating process. 

[0090] Although the two soaking tanks 101 and 102 
are used in the soaking process In the third embodiment, 
three of more soaking tanks may be used instead. The 
required structure herein Is that a plurality of soaking 
tanks are used in the soaking process, that a supply of 
methanol is first fed to a last tank among the plurality of 
tanks along the feeding path of the unit cells 20, and that 
methanol overflowing the last tank is fed to preceding 
tanks successively. This structure allows the concentra- 
tion of methanol to be kept substantially constant in the 
last tank among the plurality of tanks. 
[0091] Another method of recovering electrolyte 
membranes from unit cells is described as a fourth em- 
bodiment according to the present invention. The meth- 
od of the fourth embodiment is similar to that of the first 
embodiment, except that a plurality of substitution tanks 
are used in the substituting process. 
[0092] Fig. 1 5 shows a structure of realizing the sub- 
stituting process in the fourth embodiment. A first sub- 
stitution tank 201 and a second substitution tank 202 
used in the substituting process are connected with 
each other via a connection pipe 203. The second sub- 
stitution tank 202 is further connected to a water supply 
source via a pipe 204, while the first substitution tank 
201 is connected to a water tank via a pipe 205. A supply 
of delonized water from the water supply source is first 
fed to the second substitution tank 202 via the pipe 204. 
Deionized water overflowing the second substitution 
tank 202 is then fed to the first substitution tank 201 via 
the connection pipe 203. Deionized water overflowing 
the first substitution tank 201 is finally led to the water 
tank via the pipe 205. 

[0093] The unit cell 20 consisting of the electrolyte 
membrane 11 , the cathode 12, and the anode 13 is fed 
from the first substitution tank 201 to the second substi- 
tution tank 202 and subsequently conveyed to a wash 
tank (not shown). 

[0094] In the fourth embodiment thus constructed, 
methanol included in the electrolyte membrane 11 of the 
unit cell 20 (in the soaking process and the separating 
process) is substituted by deionized water in the first 
substitution tank 201 . The substitution of methanol by 
deionized water lowers the concentration of deionized 
water in the first substitution tank 201 . Namely deionized 
water in the first substitution tank 201 is contaminated 
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with methanol. Since most methanol included in the 
electrolyte membrane 1 1 has been substituted by deion- 
ized water in the first substitution tank 201 , the unit cell 
20 placed in the second substitution tank 202 hardly 
causes contamination with methanol in the second sub- 
stitution tank 202. As long as an adequate supply of 
deionized water is fed to the second substitution tank 
202, the structure of the fourth embodiment protects 
deionized water in the second substitution tank 202 from 
contamination with methanol, irrespective of the proc- 
essed quantity of unit cells 20. 

[0095] In the first embodiment with only one substitu- 
tion tank 55 in the substituting process, the greater 
quantity of unit cells 20 undesirably increases the de- 
gree of contamination of deionized water in the substi- 
tution tank 55 with methanol. The higher concentration 
of deionized water is preferable for effective wash of the 
electrolyte membrane 11 in the subsequent washing 
process. In the structure of the first embodiment, re- 
placement of deionized water in the substitution tank 55 
is thus required whenever a predetemnlned quantity of 
unit cells 20 have been processed, in the structure of 
the fourth embodiment, on the other hand, deionized 
water in the second substitution tank 202 is substantially 
free from contamination with methanol, irrespective of 
the processed quantity of unit cells 20. This structure 
does not requirethetime- and labor-consuming replace- 
ment of deionized water in the substitution tank and 
saves the time and labor for maintenance. The structure 
of the fourth embodiment further ensures effective wash 
of the electrolyte membrane 11 in the subsequent wash- 
ing process. 

[0096] Although the two substitution tanks 201 and 
202 are used in the substituting process in the fourth 
embodiment, three of more substitution tanks may be 
used instead. The required structure herein is that a plu- 
rality of substitution tanks are used in the substituting 
process, that a supply of deionized water is first fed to 
a last tank among the plurality of tanks along the feeding 
path of the unit cells 20, and that deionized water over- 
flowing the last tank is fed to preceding tanks succes- 
sively. This structure protects deionized water in the last 
tank from contamination with methanol. 
[0097] Although the third embodiment and the fourth 
embodiment respectively use a plurality of soaking 
tanks and a plurality of substitution tanks, another pos- 
sible structure may involve both a plurality of soaking 
tanks and a plurality of substitution tanks. 
[0098] Another method of recovering electrolyte 
membranes from unit cells is described as a fifth em- 
bodiment according to the present invention. The meth- 
od of the fifth embodiment is similar to that of the first 
embodiment, except a drying process (step SO) for dry- 
ing the unit cells 20 prior to the soaking process of step 
SI as shown in the flowchart of Fig. 16. 
[0099] in the drying process executed prior to the 
soaking process, the unit cells 20 are transported to a 
dry chamber and heated at SO^'C for approximately one 
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hour. This process completely removes the water con- 
tent included in each unit cell 20. The pre-dried unit cells 
20 then undergo the soaking process as described in 
the first embodiment. 

5 [0100] The method of the fifth embodiment dries the 
unit cells 20 prior to the soaking process, thereby in- 
creasing the expansion ratio of the electrolyte mem- 
brane 11 soaked in methanol in the soaking process. In 
the structure of the first embodiment, the abilities of 

10 methanol of expanding and deforming the electrolyte 
membrane 11 and dissolving the cured proton-conduc- 
tive polymer electrolyte working as an adhesive for 
bonding the electrolyte membrane 11 to the electrodes 
12 and 13 are utilized to weaken the adhesive forces of 

IS joining the electrolyte membrane 1 1 with the electrodes 
1 2 and 13. The structure of the fifth embodiment, on the 
other hand, increases the expansion ratio and thereby 
the defonmation degree of the electrolyte membrane 1 1 , 
thus further weakening the adhesive forces of joining the 

20 electrolyte membrane 1 1 with the electrodes 1 2 and 13. 
This ensures easy separation of the electrolyte mem- 
brane 11 from the electrodes 12 and 13 in the subse- 
quent separating process. 

[0101] In the fifth embodiment, the water content In- 

25 eluded in the electrolyte membrane 1 1 is removed in the 
drying process prior to the soaking process. The previ- 
ous removal ofthe water content makes methanol in the 
soaking tank free from contamination with water includ- 
ed in the electrolyte membrane 11 in the soaking proc- 

30 esses, thus not lowering the concentration of methanol 
in the soaking tank. This reduces the frequency of re- 
placement of methanol in the soaking process. 
[0102] Heating under reduced pressure allows the 
unit cells 20 to be dried at lower temperatures in a short- 

35 er time period. Although high temperatures complete 
the drying process in a shorter time period, the electro- 
lyte membranes 1 1 may be deteriorated by the high tem- 
peratures. It is accordingly preferable that the unit cells 
are dried at approximately 80°C, which is the tempera- 

40 ture of standard operation of polymer electrolyte fuel 
cells. 

[0103] Another method of recovering electrolyte 
membranes from unit cells is described as a sixth em- 
bodiment according to the present invention. The meth- 

45 od of the sixth embodiment is similar to that of the first 
embodiment, except a confirming process (step 85) ex- 
ecuted after the washing process of step 84 as shown 
in the flowchart of Fig. 17. At step S5, it is detemnined 
whether the substitution of methanol in the electrolyte 

50 membranes 11 by deionized water in the substituting 
process of step S3 and the wash of the electrolyte mem- 
branes 1 1 in the washing process of step 84 have been 
completed. 

[0104] In the confinning process, each electrolyte 
55 membrane 1 1 is irradiated with a light beam of specified 
wavelengths. It is detemnined whether the substitution 
in the substituting process and the wash in the washing 
process have been completed, based on existence or 
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non-existence of an absorption peak at the specified 
wavelengths. According to a concrete procedure shown 
in Fig. 18, a light beam emitted from a light source 301 
is introduced Into a spectroscope 303, which extracts 
Infrared radiation of specified wavelengths of 1 050 to 
1085 cm*''. The electrolyte membrane 11 is irradiated 
with the Infrared radiation, and a spectrophotometer 305 
measures the intensity of transmitted light. A control unit 
307, which Is constructed as a microcomputer including 
a CPU, a ROM, and a RAM, receives the results of 
measurement and determines the completion of the 
substituting and washing processes. 
[01 05] Fig. 1 9 is a flowchart showing a control routine 
executed by the control unit 307. When the program en- 
ters the routine, the CPU of the control unit 307 first 
reads the spectrophotometer 305 to input an intensity 
of transmitted light I at step S31 0. At subsequent step 
S320, the measured intensity of transmitted light I is 
compared with a predetemilned Intensity 10. The prede- 
termined intensity 10 Is obtained as the Intensity of light 
transmitted by a standard sample, which is an electro- 
lyte membrane 1 1 containing substantially no methanol, 
that is, underthe condition that methanol included in the 
electrolyte membrane 1 1 has almost completely been 
substituted by water In the substituting process. 
[0106] Methanol absorbs infrared radiation of speci- 
fied wavelengths of 1050 to 1 085 cm'"", whereas water 
does not absorb the infrared radiation of the specified 
wavelengths. The value measured by the spectropho- 
tometer 305 thus decreases due to the large absorption 
with an Increase In concentration of methanol included 
in the electrolyte membrane 11 . When the measured in- 
tensity of transmitted light I is no less than the predeter- 
mined intensity 10 obtained under the non-methanol ex- 
isting condition at step S320, the CPU of the control unit 
307 detemnlnes that the electrolyte membrane 11 con- 
tains not methanol and the program proceeds to step 
S330. 

[0107] At step S330, the CPU of the control unit 307 
receives the 'OK' sign, that Is, confirms that the substi- 
tution In the substituting process and the wash in the 
washing process have been completed. When the 
measured intensity of transmitted light I is less than the 
predetennined intensity 10 at step S320, the program 
proceeds to step S340, at which the CPU of the control 
unit 307 receives the 'NG' sign, that Is, detenmines that 
the substitution in the substituting process and the wash 
in the washing process have not been completed. After 
the execution of either step S330 or S340, the program 
goes to END and exits from the routine. 
[0108] When the CPU determines that the substitu- 
tion in the substituting process and the wash in the 
washing process have not been completed at step 
S340, the electrolyte membrane 11 is returned to the 
substitution tank for further substitution of methanol by 
water. It Is preferred that the rotating speed of the stinger 
In the substitution tank is increased to realize the vigor- 
ous stinging of deionized water or that the supply of 



deionized water fed to the substitution tank is increased. 
[0109] The method of the sixth embodiment thus con- 
structed detemnlnes whether the substitution In the sub- 
stituting process and the wash In the washing process 

5 have been completed, thereby ensuring the complete 
substitution and wash. The electrolyte membranes 11 
recovered from the unit cells 20 of the used polymer 
electrolyte fuel ceils 10 by the method of the sixth em- 
bodiment can be recycled without any troubles or prob- 

10 lems. 

[01 1 0] The structure shown In Fig. 1 8 except the con- 
trol unit 307 may be arranged in the wash tank or along 
the feeding path of the washed electrolyte membranes 
11 by means of feed rollers. 

15 [0111] Still another method of recovering electrolyte 
membranes from unit cells is described as a seventh 
embodiment according to the present Invention. The 
method of the seventh embodiment is similar to that of 
the first embodiment, except a platinum-recovering 

20 process (step S2a) executed after the separating proc- 
ess of step S2 as shown in the flowchart of Fig. 20. 
[0112] In the platinum-recovering process, carbon 
powder with platinum catalyst supported thereon is re- 
covered from methanol In a separation tank. According 

25 to a concrete procedure shown in Fig. 21 , a circulating 
path 401 is an^anged outside a separation tank 53 to 
make methanol flowing out of the separation tank 53 re- 
turned to the separation tank 53. The circulating path 
401 is provided with a pump 403 and a filter 405. The 

30 pump 403 works to make methanol in the separation 
tank 53 flow through the circulating path 401 , while the 
fitter 405 collects the carbon powder suspended in 
methanol in the separation tank 53. 
[0113] Carbon powder with platinum catalyst support- 

35 ed thereon is suspended in methanol in the separation 
tank 53 because of the reason below. In the soaking 
process and the subsequent separating process, the 
cured proton-conductive polymer electrolyte used as an 
adhesive of bonding the electrolyte membrane 11 to the 

40 electrodes 1 2 and 1 3 is dissolved by the ability of meth- 
anol, in which each unit ceil 20 is soaked. The proton- 
conductive polymer electrolyte solution is also used for 
applying carbon powder with platinum catalyst onto the 
electrodes. Methanol naturally dissolves the cured pro- 

45 ton-conductive polymer electrolyte used for application 
of the carbon powder as well as that used for bonding 
the electrolyte membrane 11 . The carbon powder with 
platinum catalyst supported thereon is thus separated 
from the electrodes and suspended in methanol. The 

50 suspended carbon powder is collected by the filter 405 
as described previously. 

[01 1 4] The platinum catalyst-containing carbon pow- 
der collected by the filter 405 is recycled, like the elec- 
trolyte membranes 11 . The recycled platinum in combi- 
55 nation with the recycled electrolyte membranes 11, 
which is characteristic of the present Invention, further 
reduces the cost of manufacturing the polymer electro- 
lyte fuel cells 10. 
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[0115] Although the platinum-recovering process is 
executed immediately after the separating process in 
the seventh embodiment, the recovery of platinum may 
be carried out Immediately after the soaking process. 
The unit ceils 20 are sufficiently soaked in methanol in s 
the soaking process, which allows a considerable 
amount of carbon powder with platinum catalyst sup- 
ported thereon to be suspended in methanol. The plat- 
inum-recovering process executed after the soaking 
process but before the separating process also yields a io 
considerable amount of recovered platinum. 
[0116] The vibrator 90 used in the second embodi- 
ment may be Incorporated in the separation tank 53 of 
the seventh embodiment. Ultrasonic vibration of the vi- 
brator 90 allows carbon powder applied to the surface is 
of the electrodes of the unit cell 20 to be easily separated 
from the electrodes. 

[0117] In the first through the seventh embodiments 
described above, the stack of polymer electrolyte fuel 
cells 1 0 Is previously decomposed into unit cells 20 and 20 
the electrolyte membrane 1 1 is recovered from each unit 
cell 20. Another method given as an eighth embodiment 
according to the present invention implements part of 
the process of recovering the electrolyte membranes 1 1 
without decomposing the stack of polymer electrolyte f u- 25 
el cells 10. 

[0118] Fig. 22 is a flowchart showing a process rou- 
tine of recovering electrolyte membranes from fuel cells 
in the eighth embodiment. When the program enters the 
routine, the clamping bolts 28 (see Fig. 3) In the stack so 
of polymer electrolyte fuel cells 1 0 are released to a min- 
imum clamping pressure for maintaining a gas seal at 
step S500. In general, the practical clamping pressure 
of the clamping bolts 28 is determined to give a minimum 
cell resistance (resistance between terminals) to the 35 
stack of polymer electrolyte fuel cells 1 0. In many cases, 
the practical clamping pressure is sufficiently largerthan 
the minimum clamping pressure for maintaining a gas 
seal. At step S500, the clamping pressure of the clamp- 
ing bolts 28 Is reduced from the sufficiently large value <o 
giving the minimum cell resistance to the minimum value 
maintaining a gas seal. 

[0119] The program then proceeds to step S510, at 
which an outlet of the gaseous fuel fiow paths 1 5P (see 
Fig. 3) and that of the oxygen-containing gas flow paths ^5 
1 4P (see Fig. 3) are closed in the stack of polymer elec- 
trolyte fuel cells 10. According to a concrete procedure, 
on-off valves disposed at both the outlets are closed. 
[0120] Methanol is Introduced into the stack of poly- 
mer electrolyte fuel cells 1 0 via an inlet of the gaseous so 
fuel flow paths 15P and that of the oxygen-containing 
gas flow paths 14P at step S520. The stack of polymer 
electrolyte fuel cells 10 filled with methanol is left under 
this condition for a predetermined time period at step 
S530. This realizes the soaking process in the stack of 55 
polymer electrolyte fuel cells 1 0. In order to prevent the 
air from remaining in the stack of polymer electrolyte fuel 
cells 1 0 in the process of introducing methanol at step 



S520, one applicable method introduces methanol in 
limited amounts through the inlets of the gaseous fuel 
flow paths 15P and the oxygen-containing gas flow 
paths 14P before closing the outlets of the gaseous fuel 
flow paths 15P and the oxygen-containing gas flow 
paths 14P at step S510. The method closes the outlets 
of the gaseous fuel flow paths 1 5P and the oxygen-con- 
taining gas flow paths 14P after a certain time period, 
when It Is expected that the remaining gas has com- 
pletely been released from the gaseous fuel flow paths 
15P and the oxygen-containing gas flow paths 14P. 
[01 21 ] Another method of preventing the air from re- 
maining in the stack of polymer electrolyte fuel cells 1 0 
connects the inlet and the outlet of the gaseous fuel flow 
paths 15P with each other via a tube and those of the 
oxygen-containing gas flow paths 14P with each other 
via another tube. Methanol is then circulated through a 
circulating path formed by these tubes. Still another 
method connects the outlet of the gaseous fuel flow 
paths 15P with the inlet of the oxygen-containing gas 
flow paths 14P via a tube and the outlet of the oxygen- 
containing gas flow paths 14P with the inlet of the gas- 
eous fuel flow paths 15P via another tube. In this meth- 
od, methanol is also circulated through a circulating path 
fomned by these tubes. 

[0122] After the predetermined time period has 
elapsed, the program proceeds to step S540, at which 
the outlets of the gaseous fuel fiow paths 15P and the 
oxygen-containing gas flow paths 14P are opened. Ac- 
cording to a concrete procedure, the on-off valves dis- 
posed at both the outlets are opened. This allows meth- 
anol Introduced into the stack of polymer electrolyte fuel 
cells 10 to be discharged through both the outlets. In 
one preferred structure, the air is blown through the in- 
lets of the gaseous fuel flow paths 15P and the oxygen- 
containing gas flow paths 14P in order to forcibly dis- 
charge methanol remaining In the stack of polymer elec- 
trolyte fuel ceils 10. 

[0123] At step S550, the outlets of the gaseous fuel 
flow paths 15P and the oxygen-containing gas flow 
paths 14P are closed again in the same manner as step 
S510. The program then proceeds to step S560, at 
which deionlzed water is introduced into the stack of pol- 
ymer electrolyte fuel cells 10 via the inlets of the gase- 
ous fuel flow paths 15P and the oxygen-containing gas 
flow paths 14P. As in the case of introducing methanol, 
one applicable method introduces deionlzed water in 
limited amounts through the inlets of the gaseous fuel 
flow paths 15P and the oxygen-containing gas flow 
paths 14P before closing the outlets of the gaseous fuel 
flow paths 15P and the oxygen-containing gas flow 
paths 14P. This method closes the outlets of the gase- 
ous fuel flow paths 15P and the oxygen-containing gas 
flow paths 1 4P after a certain time period, when it is ex- 
pected that the remaining methanol has completely 
been discharged from the gaseous fuel flow paths 15P 
and the oxygen-containing gas flow paths 14P. 
[0124] At step S570, the outlets of the gaseous fuel 
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flow paths 15P and the oxygen-containing gas flow 
paths 1 4P are opened again in the same manner as step 
S540. This allows deionized water introduced into the 
stacl( of polymer electrolyte fuel cells 10 to be dis- 
charged through both the outlets. 5 
[0125] The program then proceeds to step S580, at 
which dried air is flown into the stack of polymer elec- 
trolyte fuel cells 1 0 through the inlets of the gaseous fuel 
flow paths 15P and the oxygen-containing gas flow 
paths 14P, In order to dry the Inside of the stacic of pol- io 
ymer electrolyte fuel cells 1 0. At subsequent step S590, 
the clamping bolts 28 in the stack of polymer electrolyte 
fuel cells 10 are thoroughly released and the stack of 
polymer electrolyte fuel cells 10 is decomposed. The 
electrolyte membranes 11 are recovered from the de- is 
composed stack of polymer electrolyte fuel cells 1 0. 
[0126] In order to reduce the cell resistance as well 
as the contact resistance between the separator 1 4 and 
the cathode 12 or the separator 15 and the anode 13. a 
sufficiently large clamping force is applied to the stack 20 
of polymer electrolyte fuel cells 1 0 In the process of as- 
sembly. The sufficiently large clamping force is gener- 
ally greater than the minimum clamping pressure for 
maintaining a gas seaL This often causes the cathode 
1 2 and the anode 1 3 to be pressed against and adhere 25 
to the separators 14 and 15. There is a possibility of 
damaging the electrolyte membranes 11 of the lowest 
strength in the process of decomposing the stack of pol- 
ymer electrolyte fuel cells 1 0. 

[01 27] The method of the eighth embodiment first re- 30 
leases the clamping bolts 28 to the minimum clamping 
pressure for maintaining a gas seal in the stack of pol- 
ymer electrolyte fuel cells 10. Methanol is then intro- 
duced into the stack of polymer electrolyte fuel cells 10 
to realize the soaking process without decomposing the 3s 
stack of polymer electrolyte fuel cells 10 into the unit 
cells 20. After the soaking process is completed, the 
clamping bolts 28 are thoroughly released and the stack 
of polymer electrolyte fuel cells 1 0 are decomposed into 
the unit cells 20. Methanol works to make the electrolyte 40 
membranes 11 easily separable from the electrodes 12 
and 13 in the decomposed stack of polymer electrolyte 
fuel cells 10. This effectively protects the electrolyte 
membranes 11 from being damaged by the decompos- 
ing process. In the method of the eighth embodiment, 
the clamping pressure Is reduced to the minimum value 
for maintaining a gas seal prior to the injection of meth- 
anol into the stack of polymer electrolyte fuel cells 10. 
The decrease in clamping pressure of the clamping 
bolts 28 helps the action of methanol to weaken the ad- 
hesive forces of Joining the electrolyte membrane 11 
with the electrodes 12 and 13. The reduced level of the 
clamping pressure is detennined to prevent leakage of 
methanol. 

[0128] As described above, the method of the eighth 
embodiment implements the soaking process without 
decomposing the stack of polymer electrolyte fuel cells 
10, thus protecting the electrolyte membranes 11 from 



damages and allowing the electrolyte membranes 11 of 
preferable condition to be easily recovered. 
[01 29] Although methanol is introduced into the stack 
of polymer electrolyte fuel cells 10 at step S520 in the 
flowchart of Fig. 22, another solution may be used In- 
stead. As described previously, methanol has both the 
required abilities of expanding the electrolyte mem- 
brane 11 and dissolving the cured proton-conductive 
polymer electrolyte. However, solutions having distinct 
ability of expanding the electrolyte membranes 1 1 but 
no ability of the latter may be used at step S520. Such 
solutions also realize the soaking process without de- 
composing the stack of polymer electrolyte fuel cells 1 0 
Into the unit cells 20, so as to allow efficient recovery of 
the electrolyte membranes 11. 

[0130] The above embodiments are only illustrative 
and not restrictive in any sense. 



Claims 

1. A method of recovering an electrolyte membrane 
from an unit cell of fuel cells, said method compris- 
ing the steps of: 

(a) providing said unit cell comprising said elec- 
trolyte membrane and an electrode which are 
joined with each other or which are joined with 
each other while using a cured proton-conduc- 
tive polymer electrolyte, 

(b) soaking said unit cell in a liquid comprising 
alcohol or ketone to expand said electrolyte 
membrane and/or having an ability of dissolv- 
ing said cured proton-conductive polymer elec- 
trolyte; 

(c) separating said electrolyte membrane from 
said electrode of said unit cell after execution 
of said step (b); and 

(d) substituting said liquid included in the sep- 
arated electrolyte membrane by water after ex- 
ecution of said step (c). 

2. A method in accordance with claim 1 , said method 
further comprising the step of: 

45 

(e) washing said electrolyte membrane after 
execution of said step (d). 

3. A method in accordance with claim 1 or 2, wherein 
so said step (c) further comprises the step of: 

(c-1 ) executing one operation selected among 
the group consisting of: peeling said electrode 
off said electrolyte membrane; twisting said 
ss electrode relative to said electrolyte mem- 

brane; shifting said electrode relative to said 
electrolyte membrane; and rotating said elec^ 
trode with respect to said electrolyte mem- 
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brane. 

4. A method in accordance with one of the preceding 
claims, wherein said step (b) further comprises the 
step of: 5 

(b'1 ) applying a vibrating force to said liquid, in 
which said unit cell is soaked. 

5. A method in accordance with one of the preceding io 
claims, said method further comprising the step of: 

(f) drying said unit cell prior to execution of said 
step (b). 

15 

6. A method in accordance with cialm 2 or one of the 
preceding claims when it depends on claim 2, said 
method further comprising the steps of: 

(g) irradiating said electrolyte membrane with a 20 
light beam of a predetermined wavelength 
range after execution of said step (e); 

(h) measuring an intensity of the transmitted 
light through said electrolyte membrane; and 

(i) repeating said step (d) and (e) when said 25 
measured intensity of light does not meet a pre- 
determined criterion. 

7. A method in accordance with one of the preceding 
claims, wherein said electrode comprises a plati- 30 
num-contalning catalyst supported thereon, and 
said method further comprises the step of: 

(j) filtering said liquid to recover platinum in said 
liquid after execution of said step (b). 3s 

8. A method in accordance with one of the preceding 
claims, wherein said liquid is methanol. 

9. A method of recovering electrolyte membranes 40 
from a stack of fuel cells, said method comprising 

the steps of: 

(a) providing a stack of fuel cells comprising a 
plurality of unit cells under a predetermined 
clamping pressure, each unit cell comprising an 
electrolyte membrane and an electrode which 
are joined with each other or which are joined 
with each other while using a cured proton-con- 
ductive polymer electrolyte, said stack of fuel so 
cells comprising a flow path having an inlet and 
outlet for supplying a reactant gas to said elec- 
trodes, said flow path acting as a gas seal with 

the aid of said clamping pressure; 

(b) reducing the clamping pressure while main- ss 
taining said gas seal; 

(c) closing said outlet of said flow path; 

(d) introducing a liquid comprising alcohol or 
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ketone to expand said electrolyte membrane 
and/or dissolving said cured proton-conductive 
polymer electrolyte, into said stack of fuel ceils 
via said inlet of said flow path; and 
(e) opening said outlet of said gas flow path. 

10. An apparatus for recovering an electrolyte mem- 
brane from an unit cell (10) of fuel cells, said unit 
cell comprising said electrolyte membrane (11) and 
an electrode (1 2; 1 3) which are joined with each oth- 
er or which are joined with each other while using a 
cured proton-conductive polymer electrolyte, said 
apparatus comprising: 

a soaking tank (51 ) filled with a liquid compris- 
ing alcohol or ketone to expand said electrolyte 
membrane (11) and/or dissolving said cured 
proton-conductive polymer electrolyte, said 
unit cell (10) being soaked in said liquid in said 
soaking tank (51); 

separating means (53) to separate said elec- 
trolyte membrane (11) from said electrode (12; 
1 3) of said unit cell (1 0) soaked in said soaking 
tank (51); and 

a water tank (55) filled with water, said electro- 
lyte nembrane (11) separated by said separat- 
ing means (53) being soaked in water in said 
water tank. 

1 1 . An apparatus, in accordance with claim 1 0, said ap- 
paratus further comprising: 

a wash tank (57) filled with a cleaning agent, 
said electrolyte membrane (11) soaked in said 
water tank (55) being further soaked in the 
cleaning agent in said wash tank (57). 

12. An apparatus in accordance with claim 10 or 11, 
wherein said soaking tank (51) comprises means 
(90) for applying a vibrating force to said liquid, in 
which said unit cell (10) is soaked. 

13. An apparatus in accordance with one of the claims 
10 to 12, said apparatus further comprising: 

means for drying said unit cell prior to soaking 
said unit cell in said soaking tank. 



PaterttansprUche 

1. Verfahren zur Wiedergewinnung einer Elektrolyt- 

membran aus einer Zellenelnheit von Brennstoff- 
zellen, wobei das Verfahren die Schritte aufweist: 

(a) Vorsehen derZeileneinhelt. die die Elektro- 
lytmembran und eine Elektrode aufweist, die 
miteinanderverbunden sind Oder die miteinan- 
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der verbunden sind, wahrend ein ausgeharte- 
tes Protonenleit-Polymerelektrolyt verwendet 
wird, 

(b) Durchtrsinken der Zelleneinheit in einer 
Flussigkeit, die Alkohol Oder Keton aufweist, s 
um die Elektrolytmembran auszudehnen, und/ 
Oder die die Fahigkeit hat, das ausgehartete 
ProtonentelNPotymerelektrolyt aufzuidsen , 

(c) Trennen der Elektrolytmembran von der 
Elektrode der Zelleneinheit nach Ausfuhren io 
von Schritt (b), und 

(d) Ersetzen der Flussigkeit, die in der abge- 
trennten Elektrolytmembran enthalten ist, 
durch Wasser nach Ausfuhrung von Schritt (c). 

15 

2. Verfahren nach Anspruch 1 , wobei das Verfahren 
den Schritt aufweist: 

(e) Waschen der Elektrolytmembran nach Aus- 
fuhrung von Schritt (d). 20 

3. Verfahren nach Anspruch 1 oder 2. wobei der 
Schritt (c) ferner den Schritt aufweist: 

(c-1) Ausfuhren eines Vorgangs, der aus der 25 
Gruppe ausgewahit wurde, die besteht aus: 
Ablosen der Elektrode von der Elektrolytmem- 
bran, Verdrehen der Elektrode bezuglich der 
Elektrolytmembran, Verschieben der Elektrode 
bezuglich der Elektrolytmembran und Rotieren 30 
der Elektrode bezuglich der Elektrolytmem- 
bran. 

4. Verfahren nach einem dervorhergehenden Anspru- 
che, wobei der Schritt (b) ferner den Schritt auf- 35 
weist: 

(b-1 ) Aufbringen einer Vib ratio nskraft auf die 
Flussigkeit, in der die Zelleneinheit durchtrankt 
wird. 40 

5. Verfahren nach einem dervorhergehenden Anspru- 
che, wobei das Verfahren ferner den Schritt auf- 
weist: 
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(f) Trocknen der Zelleneinheit vor dem Ausfuh- 
ren von Schritt (b). 



Lichtes durch die Elektrolytmembran, und 
(i) Wiederholen von Schritt (d) und (e), wenn 
die gemessene Lichtintensltat ein vortsestimm- 
ten Kriterium nicht erfullt. 

7. Verfahren nach einem der vorgehenden Anspru- 
che, wobei die Elektrode einen ptatinhattigen Kata* 
lysator, der auf dieser getragen wird, aufweist und 
das Verfahren ferner den Schritt aufweist: 

(j) Filtern der Flussigkeit zum Wiedergewinnen 
von Platin in der Flussigkeit nach Ausfuhrung 
von Schritt (b). 

8. Verfahren nach einem dervorhergehenden Ansprii- 
che, wobei die Flussigkeit Methanol ist. 

9. Verfahren zum Wiedergewinnen von Elektrotyt- 
membranen aus einem Stapel von Brennstoffzel- 
len, wobei das Verfahren die Schritte aufweist: 

(a) Vorsehen eines Stapels von Brennstoffzel- 
len, der eine Vielzahl von Zelleneinheiten auf- 
weist, unter einem vorbestimmten Klemm- 
druck, wobei jede Zelleneinheit eIne Elektroly- 
tmembran und eine Elektrode aufweist, die mit- 
einander verbunden sind oder die miteinander 
verbunden sind, wahrend ein ausgehartetes 
Protonenleit-Polymerelektrolyt verwendet wird, 
wobei der Stapel an Brennstoffzellen eInen 
Strdmungspfad mit einem EInlaB und AusiaB 
zum Zufuhren eines Reaktantengases zu den 
Elektroden aufweist, wobei der Strdmungspfad 
als eine Gasdichtung mit Hilfe des Klemm- 
drucks wiri<t, 

(b) Verringern des Klemmdrucks, wahrend die 
Gasdichtung aufrechterhalten wird, 

(c) SchlielBen des Auslasses des Stromungs- 
pfades, 

(d) Einfuhren einer Flussigkeit, die Alkohol oder 
Keton aufweist, zum Ausdehnen der Elektroly- 
tmembran und/oder zum Aufldsen des ausge- 
harteten Protonenleit-Polymerelektrolyts, in 
den Stapel der Brennstoffzellen uber den Ein- 
Ia3 des Stromungspfades, und 

(e) dffnen des Auslasses des Gasstrdmungs- 
pfades. 



6. Verfahren nach Anspruch 2 oder einem der vorher- 
gehende Ansprtiche, wenn dieser von Anspruch 2 
abhangt, wobei das Verfahren femer die Schritte 
aufweist: 

(g) Bestrahlen der Elektrolytmembran mit ei- 
nem Lichtstrahl eines vorbestimmten Wellen- 
Idngenbereiches nach Ausfuhrung von Schritt 
(e). 

(h) Messen einer Intensitat des ausgesendeten 



10. Vorrichtung zur Wiedergewinnung einer Elektrolyt- 
50 membran aus einer Zelleneinheit (10) von Brenn- 
stoffzellen, wobei die Zelleneinheit die Elektrolyt- 
membran (11) und eine Elektrode (12; 13) aufweist, 
die miteinander verbunden sind oder die miteinan- 
der verbunden sind, wahrend ein ausgehartetes 
55 Protonenleit-Polymerelektrolyt verwendet wird, wo- 
bei die Vorrichtung aufweist: 

einen Durchtranktank (51), der mit einer Flus- 
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sigkeit gefullt ist, die Alkohol Oder Keton auf- 
weist, um die Elektrolytmembran (11) auszu- 
dehnen und/oder das ausgehartete Protonen- 
leit-Polymerelektrolyt aufzuldsen, wobei die 
Zellenelnheit (1 0) in der Flussigkeit im Durch- 
tranktank (51 ) durchtrankt wird, 
eine Trenneinrichtung (53) zum Trennen der 
Elektrolytmembran (11) von der Elektrode (12; 
13) der Zellenelnheit (10), die im Durchtrank- 
tank (51) durchtrankt wurde, und 
einen Wassertank (55), der mit Wasser gefullt 
ist, wobei die Elektromembran (11), die durch 
die Trenneinrichtung (53) getrennt wurde, in 
Wasser Im Wassertank durchtrankt wird. 

11. Vorrichtung nach Anspruch 10, wobei die Vorrich- 
tung ferner aufweist: 

einen Waschtank (57), der mit einem Reini- 
gungsmlttel gefiiltt Ist, wobei die Elektrolyt- 
membran (11), die im Wassertank (55) durch- 
trankt wurde, weiter im Reinigungsmittel im 
Waschtank (57) durchtrankt wird. 

12. Vorrichtung nach Anspruch 10 oder 11 , wobei der 
Durchtranktank (51 ) eine Einrichtung (90) zum Auf- 
bringen einer Vibrationskraft auf die Flussigkeit auf- 
weist, in der die Zellenelnheit (1 0) durchtrankt wird. 

13. Vorrichtung nach einem der Anspruche 10 bis 12, 
wobei die Vorrichtung welter aufweist: 

eine Einrichtung zum Trocknen der Zelleneln- 
heit, bevor die Zellenelnheit im Durchtranktank 
durchtrankt wird. 



Revendications 

1 . Proc6d6 de recuperation d'une membrane electro- 
lytique depuis une pile unitaire de pile k combusti- 
ble, ledit precede comprenant les etapes consistant 

(a) fournir ladite pile unitaire comprenant ladlte 
membrane eiectrolytique et une electrode qui 
sent jointes I'une k i'autre ou qui sont jointes 
Tune k I'autre tout en utillsant un electrolyte k 
polymere conducteur de protons durci, 

(b) immerger ladite pile unitaire dans un liquide 
comprenant de I'alcool ou une cetone pour di- 
later ladite membrane eiectrolytique et/ou 
ayant une aptitude k dissoudre ledit electrolyte 
de polymere conducteur de protons durci ; 

(c) separer ladite membrane eiectrolytique de 
ladite electrode de ladite pile unitaire apres 
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execution de ladite etape (b) ; et 

(d) substituer ledit liquide inclu dans la mem- 
brane eiectrolytique separee par de I'eau apres 
5 execution de ladite etape (c). 

2. Precede selon la revendication 1, ledit precede 
comprenant, en outre, retape consistant k : 

10 (e) laver ladite membrane eiectrolytique apres 

execution de ladite etape (d). 

3. Precede selon la revendication 1 ou 2, dans lequel 
ladite etape (c) comprend, en outre, i'etape consis- 

15 tant e : 

(c-1) executer une operation s6lectionn6e par- 
mi le groupe constitue de : denuder ladite elec- 
trode de ladite membrane eiectrolytique, tordre 
20 ladite electrode par rapport k ladite membrane 

eiectrolytique ; d6caler ladite electrode par rap- 
port k ladite membrane eiectrolytique ; et faire 
tourner ladite electrode par rapport k ladite 
membrane eiectrolytique. 

25 

4. Procede selon i'une quelconque des revendications 
prec6dentes, dans lequel ladite etape (b) com- 
prend, en outre, i'etape consistant k : 



30 (b-1 ) appliquer une force vibrante audit liquide, 

dans laqueile la pile unitaire est Immergee. 

5. Procede selon I'une quelconque des revendications 
precedentes, ledit precede comprenant, en outre, 
35 retape consistant k : 



(f) secher ladite pile unitaire avant execution de 
ladite etape (b). 

^0 6. Precede selon la revendication 2 ou selon I'une 
quelconque des revendications precedentes, lors- 
qu'elle est dependante de la revendication 2, ledit 
precede comprenant, en outre, les etapes consis- 
tant k : 

45 

(g) irradier ladite membrane eiectrolytique avec 
un faisceau lumlneux d'une plage de tongue 
d'onde predeterminee apres execution de ladi- 
te etape (e) ; 

50 

(h) mesurer I'intensite de la lumiere transmise 
k travers ladite membrane eiectrolytique ; et 

(i) repeter ladite etape (d) et ladite etape (e) 
55 lorsque ladite intensite mesuree de la lumiere 

ne satisfait pas un critere predetermine. 

7. Precede selon I'une quek:onque des revendications 
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pr^c^dentes, dans lequel ladite Electrode com- 
prend un catatyseur contenant du platine supports 
sur celle-ci, et tedit proc6de comprend, en outre. 
I'dtape consistant k : 

(j) filtrer ledit Mquide pour reconstituer le platine 
dans ledit liquide apr^s execution de tadite 6Xa- 
pe (b). 

8. Proc6d6 selon I'une quelconque des revendications 
prec^dentes, dans lequel ledit liquide est le metha- 
nol. 

9. ProcSdS de r4cup6raticn de menribranes ^lectroly- 
tlques depuis un empilement de piles d combusti- 
ble, ledit precede comprenant les stapes consistant 

(a) fournir un empilement de piles k combusti- 
ble comprenant une plurality de piles unitaires 
sous une presslon de serrage pr6d6tennin6e, 
chaque pile unitaire comprenant une membra- 
ne diectrolytique et une electrode qui sent join- 
tes i'une k I'autre ou qui sont jointes I'une k 
I'autre tout en utilisant un Electrolyte polymere 
conducteur de protons durcl, ledit empilement 
de piles k combustible comprenant un trajet 
d'Ecoulement ayant une entree et une sortie 
pour d^livrer un gaz r^actif audites Electrodes, 
tedit trajet d'Ecoulement agissant comme joint 
d'EtanchEitE au gaz k I'aide de ladite presslon 
de serrage ; 

(b) rEduire la presslon de serrage tout en main- 
tenant ledit joint d'etancheite au gaz ; 

(c) termer ladite sortie dudit trajet 
d'Ecoulement ; 

(d) Introduire un liquide comprenant de I'alcool 
ou une cEtone pour dllater ladite membrane 
Electrolytique et/ou dissoudre ledit Electrolyte 

polymfere conducteur de protons durci, dans le- 
dit empilement de piles ci combustible via ladite 
entrEe dudit trajet d'Ecoulement ; et 

(e) ouvrir ladite sortie dudit trajet d'Ecoulement 
du gaz. 

10. Appareil pour rEcupErer une membrane Electrolyti- 
que depuis une pile unitaire (1 0) de piles k combus- 
tible, ladite pile unitaire comprenant ladite membra- 
ne Electrolytique (11) et une Electrode (12 ; 13) qui 
sont jointes I'une k I'autre ou qui sont jointes i'une 
k I'autre tout en utilisant un Electrolyte de polymEre 
conducteur de protons durci, ledit appareil 
comprenant : 
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un rEservoir d'immersion (51) rempli d'un liqui- 
de comprenant de i'alcool ou une cEtone pour 
dilater ladite membrane Electrolytique (11) et/ 
ou dissolvant ledit Electrolyte polymEre con- 
ducteur de protons durci, ladite pile unitaire 

(50) Etant immergEe dans ledit liquide dans le- 
dit rEservoir d'immersion (51) ; 

un moyen de sEparation (53) pour sEparer la- 
dite membrane Electrolytique (11) de ladite 
Electrode (12 ; 13) de ladite pile unitaire (10) 
immergEe dans ledit rEsen/oir d'immersion 

(51) ;et 

un rEservoir d'eau (55) rempli d'eau, ladite 
membrane Electrolytique (1 1 ) sEparEe par ledit 
moyen de sEparation (53) Etant immergEe dans 
I'eau dans tedit rEservoir d'eau. 

11. Appareil selon la revendication 10, ledit appareil 
comprenant, en outre : 

un rEservoir de lavage (57) rempli d'un agent 
de nettoyage, ladite membrane Electrolytique 
(11) immergEe dans ledit rEservoir d'eau (55) 
Etant de plus immergEe dans I'agent de net- 
toyage dans ledit rEservoir de lavage (57). 

12. Appareil selon la revendication 10 ou 11, dans le- 
quel ledit rEservoir d'immersion (51) comprend un 
moyen (90) pour appllquer une force vibrante audit 
liquide, dans lequel ladite pile unitaire (10) est Im- 
mergEe. 

1 3. Appareil selon Tune quelconque des revendications 
10^12. ledit appareil comprenant, en outre : 

un moyen pour sEclier ladite pile unitaire avant 
immersion de ladite pile unitaire dans ledit rE- 
servoir d'immersion. 
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